The availability of appropriate energy equivalents is one of the needs in species or community bioenergetic models. Energyequivalent data for 151 common invertebrate and vertebrate species on the continental shelf of the temperate Northwest Atlantic from Nova Scotia to North Carolina are presented and compared with the more limited results of other studies. Energy equivalents were found to be variable among major taxonomic ortrophic groups and general trends were not evident. A review of equivalents from some recent ecosystem models for the Northwest Atlnatic indicates that the models can be substantially improved.
Introduction
Energy budgets or trophodynamic models are being developed and used for the Northwest Atlantic region and elsewhere to examine theoretical functions and linkages of ecosystem components and the structure of ecosystems or communities (e.g. Walsh, 1981; Pace et al., 1984) . Particular interest has been shown in models that are related to fish production, especially in the Northwest Atlantic (Mills and Fournier, 1979; Cohen et al., 1982; Sissenwine et al., 1984) . Most of these models or budgets are still quite crude and are based on limited data and assumptions of unknown validity. Often these assumptions are borrowed from earlier models without much evaluation and they vary significantly among the models for various reasons. Common assumptions in many models relate to the energy-equivalent values that are applied to the standing stocks (biomass) of major trophic groups or communities. Usually, the equivalents are based on data for a limited number of species, phyla or samples (Brawn et al., 1968; Tyler, 1973) , or for areas that may not be representative of the region being studied (Thayer et al., 1973; Wissing et al., 1973; Atkinson and Wacasey, 1976, 1983) .
Despite the problems that are associated with ecosystem modelling, the availability of specific energy equivalents from replicate sampling for a wide range of taxa should be of benefit, especially for comparing different ecosystems. The purpose of this paper is twofold. The first provides an extensive set of original energy-equivalents data, based on bomb calorimetry for 151 species representing 11 phyla, which in concert with data from other relevant studies, cover almost all major groups (with emphasis on larger nektonic and benthic species) that are common in temperate waters of the Northwest Atlantic. The second objective is to reexamine (a) several trends that have been suggested by previous studies of equivalents relating to evolution or habitat, and (b) many of the assumed energy equivalents that have been used in recently-published energy-based ecosystem models.
Materials and Methods
Organisms for this study were collected by various means from the continental shelf between Nova Scotia and North Carolina. Species were selected for analysis on the basis of their relative contribution to energy pools and budgets of the shelf, i.e. they comprise significant standing stocks (Wigley and Theroux, ; 1981) , or because they are food for many fishery resource species (Edwards and Bowman, 1979) . For each species, the most common sizes of animals in the collections or in the stomachs of predators were selected for analysis. Whole bodies were analyzed except in the case of larger predators (i.e. sharks) where samples were represented by vertical sections (slices) when it was impractical to process the entire animals. The data for these sections were not mixed with data for whole bodies in computing mean values. The gastrointestinal tract contents were not purged or removed from the animals before processing, fully understanding the potential variability that this could cause. Most molluscs were removed from their shells and only the meats analyzed, in which cases the mean shell weights were used to estimate whole body values. However, some small species of molluscs were analyzed with their shells. Taxonomic nomenclature and organization of species and groups are based on Gosner (1971) for invertebrates and Robins et al. (1980) for fish.
Samples for analysis (usually a minimum of five similar-sized individuals per species per sample) were frozen immediately after collection. Within 60 days, the individual samples were either homogenized and aliquots removed or placed whole (in the case of small organisms) in a vacuum dryer and dried at room temperature to constant weight. These homogenized or dried samples were pulverized in a mill to fine powder and compressed into 1.0 or 0.1 g pellets. The pellets were combusted in a Parr Model 1241 Adiabatic Calorimeter with the use of 1108 standard or 1107 semimicro oxygen bombs, depending on the size of the sample. The recommended procedures of Parr Instrument Company (Anon, 1981a (Anon, , 1982 were followed closely. Usually, five replicate pellet combustions were made for each species, but additional combustions were made when the variability around the mean of five values exceeded SOlo and sample material was still available. Acid corrections were not determined because the anticipated error due to this factor is usually less than 2°1o (Paine, 1964 (Paine, , 1971 ).
To calculate wet-weight values of equivalents, duplicate fresh subsamples were weighed, dried at 100°C for 12 hr, and reweighed to determine moisture content. To calculate ash-free dry weights, vacuumdried material was weighed, burned in a muffle oven at SOOo C for 4-S hr, and reweighed to determine ash content. These ash samples were replaced in the oven and reburned at 900°C for an additional 4 hr to estimate CaC0 3 content by weight loss through degradation to CO 2 .
Calculations to determine energy equivalents were based on Parr Instrument Company and American Society for Testing and Materials (ASTM) standards (Anon., 1970 (Anon., , 1981b . Benzoic acid «solo) was added to some samples with high ash content to insure complete combustion. Samples, which were found to contain 2so/0 or more of CaC0 3 (total dry weight), were corrected for endothermic CaC03 breakdown during combustion on the basis of ash-loss corrections that were suggested by Atkinson and Wacasey (1976, 1983) .
Results and Discussion
The mean energy equivalents (wet weight and ashfree dry weight) for all major animal phyla or trophic groups are presented separately for pelagic and benthic types (Table 1) , together with summary data from other available studies pertinent to the western North Atlantic for comparison. Data on seasonal variability in the ash-free dry-weight energy equivalents for 21 selected species are listed in Table 2 . The basic data, representing more than 1400 combustions for 1S1 species, are listed in the Appendix to this paper.
The results from this study of energy equivalents indicate significant differences in mean values among major taxa (Table 1) , especially with regard to the wetweight values (range 0.2S-6.30 KJ/g). Ash-free dry weights, with two exceptions (octocorals and cetaceans), exhibit a relatively narrow range (18.2-26.S KJ/g). This range and the distribution of values are comparable to ranges and distributions that were reported by Cummins and Wuycheck (1971) , Thayeret a/. (1973) and Griffiths (1977) . .
The variability of equivalents among major taxa has been ascribed to evolutionary differences (Thayer et aI., 1973) , but this is not evident from Table 1 on a wet-weight or ash-free dry-weight basis. Some of the variability has been linked to species habitat preference, such as benthic versus pelagic (Wissing et a/., 1973) , but this is also not fully supported by the data in Table 1 . For example, on a wet-weight basis, their idea is probably true for molluscs and fish but not for cnidarians, crustaceans and tunicates. However, Wissing et a/. (1973) examined many larval or planktonic forms that were not included in the present study. For the ash-free dry-weight values, there is little within-phyla difference between pelagic and benthic taxa, especially when the high standard deviations from the means are considered. However, crustaceans are an exception, as was found also by Griffiths (1977) .
The relatively large standard deviations (SO) that are associated with much of the summarized data (Table 1) and some of the specific data (Appendix) may be attributable to a variety of factors. There were significant seasonal differences in the energy equivalents for some species in this study, usually related to gonadal development, but not for all (Table 2 ). According to Griffiths (1977) and Schroeder (1977) , other factors that may influence energy equivalents are life-history stage, size range, molting stage, temporal scales other than season, climatic zone, ash content, and human error. The factors which are applicable to particular groups vary and are not always consistent in the direction of influence. More information is needed about the influences of these factors on specific taxonomic groups to make the best use of data on energy equivalents when very accurate values are required. Most researchers appear to be satisfied with the cu rrent level of accuracy, but, as the variables become better defined, the accuracy of energy data will become more important.
Significant improvement in ecosystem modelling may be achieved with the use of group-specific or species-specific energy equivalents. For example, energy budgets have been postulated for western North Atlantic regions on the basis of a general macrofauna biomass-conversion of 0.6 Kcal (2.S KJ/g) wet weight (Mills and Fournier, 1979; Walsh, 1981) . With the use of results of the extensive benthic study of the Middle Atlantic by Wigley and Theroux (1981) , conversion of the biomass composition of the major taxa (71°/0 molluscs, 12°/0 echinoderms, 7°1o polychaetes, SOlo crustaceans, and SOlo others) to energy from the data in Table 1 yields an average value of about 3.2 KJ/g wet weight or about 0.8 Kcal, a 30°/0 increase. This value may still be conservative because it is based on an 83°/0 contribution of molluscs (99°/0 shelled) and echino- Cummins and Wuycheck (1971).
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derms (60% echinoid) with relatively low energy equivalents. Another example is that for fish by Sissenwine et al. (1984) , who used conversion of 1 g (wet weight) = 1 Kcal (4.2 KJ/g) for all fish in their budget. The results in Table 1 indicate a mean value of about 4.8 KJ/g for demersal species and about 6.3 KJ/g for pelagics. The resultant average (5.6 KJ/g), based on almost equal contributions of demersal and pelagic species from the estimates of Sissenwine et al. (1984) , indicates that the amount of energy in the fish pool of their Georges Bank budget was underestimated by as much as 30%.
Most energy budgets are still crude, and the variables are often inaccurate by a factor of 2 or more. The use of a more accurate value for biomass conversion to energy may not make much of a difference until the accuracy of related variables are also improved. Attempts were made to substitute the present energy data in several published models to see if the conclusions might be altered, but the information in those papers was not sufficiently specific. At present, the types of studies that would benefit most from the availability of more accurate energy equivalents for specific (Rowe, 1971) or for comparing different ecosystems (Walsh, 1981; Petersen, 1984) . The energy equivalents in this paper, although probably requiring further study to fully assess the specific causes and the significance of data variability, should enable more realistic assessments and conclusions in studies that require energy equivalents, especially in the western North Atlantic.
Energy equivalents are presented in this paper for most of the taxonomic or trophic groups which are common on the continental shelf from Nova Scotia to North Carolina. These data show that variability among groups is important and should be included in any conversion of biomass to energy to avoid potentially significant errors. The use of energy equivalents for specific taxa or trophic groups can improve the realism of many energy budgets, production estimates, and comparisons of different ecosystems. However, there is still a high degree of variability in the available equivalents. This is probably a function of the condition (age, reproductive stage, health, etc.) of the species being analyzed, environmental conditions, variation in methodology for different animals, and number of samples. 
